Study objective: COPD and cardiovascular disease (CVD) share common risk factors. We undertook to estimate rates of hospitalization and death from CVD in COPD patients relative to the general population. Design and setting: A cohort of patients > 55 years old receiving a first treatment for COPD between 1990 and 1997 was formed from the Saskatchewan Health databases. All hospitalizations and deaths between cohort entry and the end of 1999 were identified. Results: The cohort included 5,648 individuals and generated 23,426 person-years (PY) of follow-up. The overall rates of cardiovascular morbidity and mortality were 177.2 and 41 per 1,000 PY, respectively. Cardiovascular morbidity and mortality rates were higher in the COPD cohort than in the general population (standardized rate ratios of 1.9 and 2.0, respectively). More hospitalizations for CVD than for COPD itself were reported. Among CVDs, heart failure represented the most frequent cause of hospitalization (58.8 per 1,000 PY). CVD and more specifically ischemic heart disease (19.6 per 1,000 PY) were reported as a more frequent cause of death than COPD itself (15.5 per 1,000 PY). Conclusion: CVD is more frequent in COPD patients than in the general population and may represent a burden greater than that of lung disease itself.
C
OPD is among the five most prevalent diseases and causes of death worldwide. 1 COPD is characterized by chronic inflammation in the airway and lung parenchyma most commonly caused by cigarette smoking. 2 In addition to smoking, a major risk factor for cardiovascular disease (CVD) and more specifically ischemic heart disease, COPD patients share other risk factors with CVD patients due to advanced age and decrease in physical activity caused by lung disease. Chronic bronchitis 3, 4 and lung function 5, 6 have also been identified as independent predictors of the occurrence of ischemic heart disease. Furthermore, therapy for COPD may increase CVD. [7] [8] [9] Finally, once ischemic heart disease is present, CVD becomes an important comorbid factor predicting all-cause mortality in COPD patients. 10 Despite these observations, relatively minor attention has been paid to the cardiovascular status of patients with COPD. Little information is available in the literature to quantify the burden of illness that CVD represents in this population. Anthonisen et al 11 described the hospitalization and death rates for CVD in the Lung Health Study, which included smoking subjects 30 to 60 years old with mild-to-moderate lung function impairment. COPD, however, affects mostly older subjects, 12 and thus the burden of CVD may be much more impor-tant, even when compared to an elderly population. We therefore conducted a study to quantify cardiovascular morbidity and mortality in a populationbased cohort of COPD patients in comparison with the general population.
Materials and Methods

Source of Data
The health insurance databases of Saskatchewan were the primary source of data. The databases cover all residents eligible for health coverage, who represent approximately 99% of the population. 13 Of these, approximately 91% are eligible for prescription drug benefits. These databases have been used extensively for research and provide valid information for each individual on prescriptions dispensed, hospital stay, use of physician services, and vital status.
Population
We defined a population-based cohort of new COPD patients based on medications dispensed: subjects entered the study cohort when dispensed a minimum of three prescriptions on two different dates in any 1-year period between January 1, 1990, and December 31, 1997, of inhaled or oral ␤ 2 -agonist, xanthine, or ipratropium bromide (bronchodilators). To include only incident patients and distinguish between asthma and COPD, subjects had to be Ն 55 years of age on the day of their first COPD agent prescription. In addition, patients who received any bronchodilator, antiasthma drug, or nasal or inhaled corticosteroid in the prior 5 years were excluded. Subjects were followed up until the earliest of the following events: December 31, 1999, end of coverage, or death.
Outcomes
All hospitalizations with a primary discharge diagnosis of CVD or COPD were compiled from the hospital separation database (International Classification of Diseases, ninth revision [ICD-9] 14 ). The event date was the date of hospital admission. Subjects transferred from one hospital to another on the same day were counted as only one hospitalization when computing rates of hospitalizations and counted as two hospitalizations when comparing our rates to published provincial rates that count all hospitalizations.
The underlying cause of death was compiled from the vital statistics database using the ICD-9 codes. The underlying cause of death is determined from the causes listed on the death certificate by an automated program. It corresponds to the "the disease or injury which initiated the train of events leading directly to death, or the circumstances of the accident or violence that produced the fatal injury." 14 
Comorbidities at Cohort Entry
Comorbid conditions were identified using either drugs dispensed within 12 months prior to cohort entry (diabetes, systemic hypertension, hyperlipidemia) or discharge diagnoses within 5 years before cohort entry (cardiomyopathy and dysrythmia, and pulmonary heart disease), or both (ischemic heart disease and heart failure).
Statistical Analysis
Rates were computed for hospitalization and death separately. The total amount of person-time was calculated from the cohort entry date to the exit date. To calculate the hospitalization rates, we subtracted the amount of person-time spent in hospital from the total person-time, as subjects were not at risk of being hospitalized at these times. All rates were stratified on gender, age, and time period. We compared death rates and hospitalization rates in our cohort with those of the Saskatchewan general population 15 after adjusting for age and gender by indirect standardization. All confidence intervals (CIs) were computed assuming a Poisson distribution of the number of events. The hazard function of the first cardiovascular event was computed using the actuarial method. All analysis was performed using statistical software (SAS version 8.2; SAS Institute; Cary, NC). This study received ethical approval from Saskatchewan Health.
Results
The population-based cohort of COPD patients comprised 5,648 subjects (53.9% male) with a mean age at cohort entry of 73.5 years (SD, 9.6 years). The mean duration of follow-up was 4.1 years (SD, 2.7 years), generating a total of 23,426 person-years (PY) of follow-up. At cohort entry, a large number of patients were being treated for some cardiovascular risk factors or had been previously hospitalized for a CVD (Table 1) .
Morbidity
Overall, 22,083 hospitalizations occurred during follow-up, including 4,064 for CVD (18.4%) and 2,326 for COPD (10.5%). After subtracting the 486 PY of time spent in the hospital from the total number of PY generated by the entire cohort, 22,940 PY were at risk of hospitalization. Among women, 29.2% (n ϭ 762) were hospitalized for CVD at least once, generating a total of 1,599 hospitalizations for CVD. Among men, a total of 2,465 hospitalizations for CVD were generated by 1,090 men (35.8%). The overall rate of CVD hospitalization was 177.2 per Table 3 ]. The largest increase was observed for heart failure, which was three times more frequent as a cause of hospitalization in COPD patients than in the general population (SRR, 3.07; 95% CI, 2.91 to 3.23).
Mortality
During follow-up, 2,553 deaths occurred. CVD was the underlying cause of death in 37.6% of cases (n ϭ 960) and COPD in 14.3% (n ϭ 364). Death rates are presented in Table 4 . The overall rate of CVD death was 41.0 per 1,000 PY (95% CI, 38.4 to 43.6 PY). Among CVD, ischemic heart disease is the first cause of death across all age groups (Fig 1) . It represents nearly half of all cardiovascular deaths (19.6 per 1,000 PY; 95% CI, 17.8 to 21.4 PY) and is a more frequent cause of death than COPD itself (15.5 per 1,000 PY; 95% CI, 13.9 to 17.1 PY). CVD death rates increased more steeply with age than those of COPD in both men and women (Fig 2) . CVD death rates were stable over time between 1990 and 1999, whereas COPD death rates appeared to increase slightly (Fig 3) .
We compared the cardiovascular death rates in our cohort with death rates among the Saskatchewan general population adjusting for age, gender, and calendar time (Table 5) . COPD patients presented a nearly twofold increase in CVD death rates compared to the general population (standardized mortality ratio [SMR], 1.95; 95% CI, 1.83 to 2.07). Among specific causes of CVD deaths, the largest SMR was observed for heart failure (2.83; 95% CI, 2.32 to 3.33).
Discussion
Our study shows that CVD is an important cause of death and hospitalization among patients with COPD. The rate of hospitalization for CVD was higher than that for COPD itself. CVD, more specifically ischemic heart disease, was listed more often as the underlying cause of death than was COPD. Morbidity and mortality from CVD were nearly twice as high in our cohort as in the general population.
We used a population-based cohort compiled from administrative health services databases. The use of this source of data limits selection bias, as these databases cover most of the population. Indeed, 99% of Saskatchewan residents receive publicly funded health care and 91% are eligible for outpatient prescription drug benefits. Second, data on vital status, hospitalization, and dispensed prescriptions listed on the formulary are expected to be highly reliable. The recording of certain CVDs in the hospital separation database has been previously studied and found to be accurate. 16 As for drugs, the Saskatchewan Prescription Drug Plan, the primary insurer of Saskatchewan formulary benefits in the province, requires that all claims be processed through the drug plan on-line system. A weakness of the data source that we used is the absence of information on some important clinical data and confounders. Our study population was defined on drugs dispensed, and the distinction between COPD and asthma is difficult in this context. As the incidence of asthma in adults Ͼ 50 years of age is low, 17, 18 we limited misdiagnosis by including only subjects having a new-onset respiratory disease after age Ն 55 years and requiring more than occasional treatment. We also excluded prevalent asthma patients by excluding subjects who had received treatment for asthma in the 5 years prior to cohort entry. A clinical study 19 has pointed out that the frequency of asthma may be underestimated in elderly patients, although the onset of asthma later in life remained unusual. Misdiagnosis, therefore, certainly exists in our study but likely represents only a small portion of our population. A further limitation of our population definition is that COPD may be underdiagnosed and therefore undertreated. 20, 21 Symptomatic or rapidly deteriorating patients are more likely to be treated. Therefore, although the use of a general population protects us from selection bias, our cohort likely comprises mostly patients with moderate-to-severe COPD. There is no direct method to assess patient severity in our study. Administrative databases do not provide information on measures of COPD severity such as spirometric values, arterial gas data, or smoking status, which are in turn important predictors of all-cause mortality. 12, 22 We can however use external information to assess the severity of disease in our cohort. Soriano et al 12 defined a cohort of physician-diagnosed COPD patients and reported all-cause mortality rates rang- COPD was likely underreported on death certificates in our cohort since it was recorded as the underlying or a contributing cause of death in only 30.5% of all death certificates (data not shown). Among patients with COPD, Camilli et al 23 found that COPD was reported more often on death certificates among patients with severe COPD than with less severe COPD. Moreover, whether COPD was reported as a contributing cause depended on which underlying cause was mentioned. For example, when ischemic heart disease was the underlying cause of death, COPD was mentioned in 50% of cases, as compared to 25% when malignancy was the underlying cause. Several studies [23] [24] [25] have described factors that determine whether COPD is listed as the underlying cause of death as opposed to a contributing cause of death. When COPD was listed on a death certificate, it was defined as the underlying cause of death in 43% 24 to 60% 25 of the time. In a cohort of COPD patients, Marcus et al 26 first recoded the underlying and the contributing cause of death and then compared their coding with the one from the health department that produces official statistics. In half of the cases, COPD was listed as the contributing cause by both sources. However, there was an agreement that COPD was the underlying cause in only 9% of the cases. This lack of agreement illustrates the difficulties in identifying the underlying cause of death in subjects with chronic disease and multiple comorbidities when there is no clear etiologic chain between the different coexisting conditions. 27 Determining the degree to which COPD, in itself, is responsible for the death of COPD patients with cardiovascular comorbidities remains a major question. It is generally more difficult to determine the underlying cause of death among patients having multiple diseases, especially when a common risk factor such as tobacco use is responsible for several of the diseases. We used the underlying cause of death to calculate the death rate by cause, as the underlying and the contributing causes are competing. This may affect the cardiovascular mortality rate; if COPD is underestimated as an underlying cause of death, it implies that other causes, such as CVD, are overestimated. The increase in risk due to tobacco alone in an elderly population, such as our COPD cohort, is expected to be lower than the approximately twofold increase in cardiovascular morbidity and mortality we observed. 28 This increase is higher than expected even though our reference population contained smokers; 29% of the Saskatchewan population Ͼ 12 years of age were smokers in 1994/ 1995. 29 This suggests the presence of risk factors for CVD other than tobacco in COPD patients.
In summary, our results underline the importance of CVD in COPD patients. Aside from smoking cessation, aggressive strategies to treat cardiovascular comorbidities should be considered after weighing the delayed benefit of some such strategies and the relatively short life expectancy of elderly COPD patients. On a broader perspective, this study highlights the underrepresentation of comorbidities in vital statistics. COPD comorbidities should be considered when estimating the social and economic burden of the disease. However, although COPD is projected to be the third-leading cause of death in 2020, ischemic heart disease will remain the number-one cause of death worldwide 30 whether or not COPD comorbidities are taken into account. 
